In spiral galaxies the stellar disk dominates the inner mass distribution (Salucci and Persic, 1997) . By using the Fundamental Plane (FP) as a powerful tool to derive the properties of the dark and the luminous matter, we find that the above claim holds also for Ellipticals. This result enlightens the issue of dark and luminous matter in spheroids.
spherical model, with a luminous component almost isotropic in the central region and a dark halo, more diffuse than the spheroid
• to reproduce the observed Fundamental Plane with a reliable mass model and therefore to constraint the mass distribution in Es, in the light of the very existence of the FP
• to put the results in the frame of theoretical mass-to-light ratios and in that of Λ Cold Dark Matter predictions.
Considering elliptical galaxies as two-components systems, complementary strategies are possible. The first chooses a distribution function for both components and then imposes specific constraints from the observations. The second embeds the ordinary baryonic component, traced by light, in a frozen spherical halo. The former approach is helpful in exploring the self-consistency of the dynamical configuration (e.g. Ciotti, 1999) . The latter, we will adopt in this paper, has instead the advantage of better specify the connection between observational quantities and the mass model parameters.
The outline of this paper is as follows: in §2 we describe two-components models, whose mass distributions are presented in §3. In §4 we derive and discuss the velocity dispersion (line-of-sight profile and central value), predicted by the models. In §5, we introduce the data and fit the models to the Fundamental Plane. Finally, conclusions are presented in §6. Throughout the following work, we assume, where needed, a flat ΛCDM Universe, with Ω m = 0.3, Ω Λ = 0.7, h = 0.7 and σ 8 = 1.0.
A GENERAL TWO-COMPONENTS MODEL
The calculus of the observed velocity dispersion and, in particular, of the central velocity dispersion σ 0 must take into account the gravitational potential of both the dark halo and the luminous component. Assuming a spherical and non-rotating stellar system, the strongest assumption which can be made is that the stellar velocity dispersion is the same in all directions perpendicular to a given radial vector. If σ 2 r (r) denotes the stellar velocity dispersion along the radial vector and σ 2 θ (r) the dispersion in the perpendicular directions, the Jeans hydrodynamic equation for the luminous mass density ρ sph (r) in the radial direction writes (Binney and Tremaine, 1987) : 
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(1), the parameter β(r) ≡ 1 − σ 2 θ (r)/σ 2 r (r) describes the anisotropy degree of the velocity dispersion at each point, with β = 1, 0, −∞ for completely radial, isotropic and circular orbit distributions, respectively.
Results from dynamical analysis of ellipticals exclude substantial amount of tangential anisotropy and find β( < ∼ r e ) ≃ 0.1 − 0.2 (e.g. Matthias and Gerhard, 1999; Gerhard et al., 2001 ; Koopmans and Treu, 2002) with no dependence on circular velocity (or luminosity).
Therefore, in calculating the central velocity dispersion for statistical studies over a large sample of galaxies, we can safely assume an isotropic velocity dispersion tensor: β = 0.
Eq.(1) connects the spatial velocity dispersion of the luminous component to its density profile and to the total matter distribution M(r) = M sph (r) + M h (r). Under the hypothesis of isotropy, the above equation assumes the integral form:
As external observers of galaxies we measure only projected quantities. Let R be the projected radius and Σ(R) the surface stellar mass density. Simple geometry shows that the mass density and the spatial velocity dispersion are related to the surface mass density Σ(R) and to the projected velocity dispersion σ P (R) by the two Abel integral equations for the quantity ρ sph and ρ sph σ 2 r ; thus, the second step consists in performing a further integration along the line of sight to obtain the observed velocity dispersion profile σ P (r):
where
As spectro-photometric observations are performed through an aperture, let us define σ A (R A ) as the luminosity-weighted average of σ P within a circular aperture of radius R A : where I(R) is the surface brightness profile I(R) = Σ(R)/Υ (assuming the stellar massto-light ratio Υ constant with radius) and L(R A ) = 2 π R A 0 I(R) R dR is the aperture luminosity.
The dynamical quantity in the Fundamental Plane is the "central" velocity dispersion σ 0 , and does not correspond to the central value of the projected profile σ P (0). It is, in fact, the projected velocity dispersion luminosity-weigthed within the aperture of the observations.
Since they depend on the size of the aperture, on the galaxy distance and on the dark and stellar density distributions, it is required that the velocity dispersion data are brought to a common system, independent of the telescope and galaxy distance: this is done by correcting them to the same aperture of r e /8 (Jørgensen et al., 1996) , which is typical of measurements on nearby galaxies. Therefore, we compare model and observations by calculating σ 0 , as the luminosity-weighted σ P (R) within R A = 1/8 r e .
Eventually, the resulting velocity dispersion profiles, σ r (r), σ P (R) and σ A (R A ), can be all expressed as the sum of two terms (eqs. 2, 3 and 4): one is due to the self-potential of the stellar spheroid (labelled by sph), the other (labelled by h) is the effect of the luminous-dark matter gravitational interaction and, therefore, it charges relevance according the characteristics of the DM distribution. As a consequence, notice that: i) a priori, σ 2 0 is not a measure of GM sph /r e and ii) to automatically link σ 2 0 with GM h /r vir is unjustified.
THE MASS DISTRIBUTION

The stellar distribution
We describe the stellar component by means of the Hernquist (1990) spherical density distribution, which is a good approximation to the de Vaucouleur R 1/4 law (de Vaucouleur, 1948 ) when projected and, at the same time, allows analytical calculations:
k r e r (r + k r e ) 3
where M sph is the total stellar mass and k ≃ 0.5509. The mass profile derived from eq. (5) is:
The Hernquist functional form, of course, cannot reproduce the fine features of the surface brightness profile (e.g. boxy isophotes, small variations in slope), but it is good enough for our aims, since we will just consider large scale properties in the mass distribution of objects belonging to a large Es sample.
3.2 The DM distribution: ΛCDM halos N-body simulations of hierarchical collapse and merging of CDM halos have shown that gravity, starting from scale-free initial conditions, produces an universal density profile that, for r → 0, varies with radius as r −α , with α ∼ 1 − 2 (e.g. Navarro, Frenk & White, 1997, hereafter NFW; Fukushige and Makino, 1997; Moore et al., 1998; Ghigna et al., 2001) , weakly dependent on the cosmological model. We adopt the well-known NFW halo density profile:
where r s is the inner characteristic scale-length, corresponding to the radius where the effective logarithmic slope of the profile is −2 and ρ s = 4 ρ N F W (r s ). It results convenient to write the NFW mass profile as:
where A(x, y) ≡ ln(1 + x/y) − (1 + y/x) −1 for any pair of variables (x, y). The concentration parameter is defined as c ≡ r vir /r s ; r vir and M vir are, respectively, the halo virial radius and mass. The definition of the virial radius is strictly within the framework of the standard dissipationless spherical collapse model (SCM); however, also in more realistic hierarchical models, it provides a measure of the boundary of virialized region of halos (Cole and Lacey, 1996) .
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Considering a dark halo at redshift z, the virialized region is the sphere within which the mean density is ∆ vir (z) times the background universal density at that redshift (ρ bkg = ρ c (1 + z) 3 , with ρ c the critical density for closure at z = 0). The virial mass is defined as:
vir , with the virial overdensity ∆ vir being a function both of the cosmological model and the redshift: for the family of flat cosmologies (Ω m + Ω Λ = 1), it can be approximated by (Bryan and Norman, 1998) 
From the above equations, we derive:
A fundamental result of CDM theory is that the halo concentration c well correlates with the virial mass M vir : low-mass halos are denser and more concentrated than high-mass halos (Bullock et al., 2001; Cheng and Wu, 2001; Wechsler et al., 2002) : in that, in average, they collapsed when the Universe was denser. In detail, we follow Wechsler et al. (2002) However, this coupling would have the effect (if any) of slightly increasing the DM density inside r e and to strengthen the results we find for the H+NFW model (see §5.3.1).
The "total" dark-to-stellar mass ratio, defined as Γ vir ≡ M vir /M sph is a crucial parameter of this mass model. Of course, the value of Γ vir is different from the BBN DM-to-baryons ratio ≃ 10. Indeed, due to stellar feedback, central QSO activity and long cooling times for the outer gas, only a fraction of baryons can cool and collapse into stars. It has been computed that Γ vir can reach values as high as ∼ 70, especially in small objects (e.g. Romano et al., 2002).
The DM distribution: cored halos
In last years, studies of high resolution rotation curves of spiral galaxies have shown that the dark halos around them are not centrally cuspy and that very different density shapes characterize their luminous and dark components. The dark halo is more diffuse than the luminous component and its density flattens at small radii, whereas the stellar distribution peaks towards the centre (e.g. Moore, 1994; Flores and Primack, 1994; Burkert, 1995; de Battista and Sellwood, 1998; Salucci and Burkert, 2000; de Block, McGaugh and Rubin, 2001; Borriello and Salucci, 2001, hereafter BS01 ).
An useful analytic form for halos with soft cores has been proposed by Burkert (1995) for dwarf galaxies and then extended to the whole family of spirals (Salucci and Burkert, 2000; BS01) :
The profile is characterized by a density-core of extension r 0 and value ρ 0 , while it resembles the NFW profile at large radii. From eq.(11) the mass profile reads:
where, for any pair of variables (x, y),
and M e is the dark mass within r e .
Thus, in analogy of spiral galaxies, we propose a different mass model consisting of a Hernquist bulge plus a Burkert dark halo (hereafter H+B model). We characterize the halo mass distribution by two free parameters: the dark-to-luminous mass ratio within the effective radius Γ e ≡ M B /M sph | re and the halo core radius in units of the effective radius r 0 /r e . It is obvious that r 0 > ∼ r e , to ensure a constant DM density where the stars reside;
as a matter of fact, models with r 0 < r e would essentially coincide with the NFW ones. It is worth noticing that the Burkert profile is purely empirical and featureless in the optical regions of galaxies; as a consequence, unless data at large radii are available, we can not determine the halo virial radius and mass neither predict links between the local and the global properties of the dark halos, unless data at large radii are available.
MODELS VELOCITY DISPERSIONS
The existence of a DM halo, of course, alters the shape of the predicted velocity dispersion profile, making it flatter, or in some case increasing, and making higher the absolute value of the velocity dispersion. We compute the models velocity dispersion profiles, including the effect of a spherical dark halo, for both H+NFW and H+B cases. We resolve the Jeans eq.(2), eq.(3) and eq.(4) by assuming the density/mass profiles of eq. (5), eq.(6) and eq.(8) Figure 1 . Ratio of line-of-sight velocity dispersion due to the spheroid σ P ;sph to the total velocity dispersion σ P as function of radius: left) H+NFW case, for different values of re and Γ vir ; right) H+B case, for different values of r 0 /re and Γe
in H+NFW case and of eq. (5), eq.(6) and eq.(12) in the H+B one. A detailed calculus in given in Appendix.
In Fig.1 (left) we show, for H+NFW models, the radial profile of the fraction σ 2 P ;sph /σ 2 P , the line-of-sight velocity dispersion due to the only stellar component, in units of the total l.o.s. velocity dispersion. We take M sph = 2 × 10 11 M ⊙ ; however the mass dependence is very weak and the curves in Fig.1 are well representative of those with stellar masses in the range ∼ 5 × 10 9 − 5 × 10 11 M ⊙ . We consider different plausible values for the total dark-to-luminous mass ratio Γ vir and r e . Let us notice that, once fixed the total halo mass M vir ≡ Γ vir · M sph , the halo characteristic radius r s is completely determined via the c − M vir relationship: therefore, different curves in Fig.1 (left) correspond to 2 < ∼ r s /r e < ∼ 30. We can see that the contribution of a CDM halo to the velocity dispersion can be strong (∼ 50%) even at small radii R < ∼ r e /2, in galaxies with large effective radii and/or small values of r s /r e , indipendently of the value of Γ vir .
In Fig.1 (right) we plot the stellar-to-total l.o.s. velocity dispersion ratio for H+B models,
for different values of the parameters r 0 /r e and Γ e . Notice that the profiles just depend on both the parameters and it is not necessary to assume specific values both for M sph and r e . The main consequence of the smooth halo profile in the H+B model is that the halo contribution to σ P (R) is still low at small R, even for models with a relevant amount of DM in the central region (e.g. σ 2 P ;sph /σ 2 P ∼ 80% at r e /3 when Γ e = 1). The velocity dispersion in the central regions is more directly connected to the properties of the stellar distribution.
The "central velocity" dispersion σ 0 is considered a good indicator of the total bulge mass, implicitely neglecting the dark halo contribute. However, a linear correlation of σ 2 0 with the quantity GM sph /r e is in principle altered by the existence of a dark halo. Recalling that σ 0 ≡ σ A (r e /8), we find:
where F N F W and F B are shown in Fig.2 . F N F W depends on r s (M vir )/r e and, very weakly, on M vir ≡ Γ vir · M sph ; as a consequence, a linear correlation between σ 2 0 and GM sph /r e is lost and, according to the values of the model parameters, σ 0 can be strongly affected by the DM gravitational potential, then it is a poor indicator of the bulge mass. This is shown in (Fig.3, left) , where we plot the stellar-to-total σ In H+B mass models, F B depends weakly on r 0 /r e , so that we can assume F B ≃ 3.6 × 10 −2 ; the stellar contribution to σ 2 0 (Fig.3, right) remains the dominant one, even for an amount of DM within r e comparable to the luminous one. Finally, for cored configurations (r 0 > r e ) σ 0 is weakly dependent on the DM internal amount: it just increases of ∼ 30% when Γ e varies of a factor 3. This is a natural consequence of the smoothness of the dark matter distribution with respect to the more concentrated distribution of the luminous spheroid. 
FITTING MASS MODELS TO THE FUNDAMENTAL PLANE
The Sample
We build the data sample from several works by Jørgensen, Franx & Kjaergaard (hereafter JFK). They provide spectroscopy and multicolour CCD surface photometry of E/S0 galaxies in nearby clusters. The photometric data are from JFK (1992) and (1995a) in Gunn-r, the passband with the largest quantity of data. The spectroscopic measurements are taken from JFK (1995b) and references therein. Out of the whole JFK sample, we selected a homogeneous subsample of 221 E/S0 galaxies in 9 clusters, including Coma, whose properties are shown in electronic form in Tab.2 at the URL: (www.sissa.it/ap/ftp). In particular, we rejected spiral, interacting, peculiar and field galaxies (due to the greater uncertainty of their distance). For each cluster, we adopt the distance derived in JFK (1996) . The FP scatter of 0.084 in log r e is equivalent to a ∼ 17% uncertainty in distances to single galaxies.
Let us notice that typical measurement errors are: ∆ log r e = ±0.045, ∆ log I e = ±0.064, ∆ log L r = ±0.036 and ∆ log σ 0 = ±0.036.
To better characterize the selected galaxies, we show in Fig.4 their statistical distributions: effective radius, ellipticity at r e , observed central velocity dispersion and Gunn-r luminosity. Notice that sample galaxies are distributed around L * = 2.7 × 10 10 L r⊙ , the char- and that most of the objects have little/moderate ellipticity (< ǫ >= 0.29 ± 0.17) and then, a reasonably spherical stellar distribution (see §3.1).
Forcing models to the Fundamental Plane
The physical interpretation of the Fundamental Plane assumes the virial theorem to be the main constraint to the structure of ellipticals. If the luminosity profiles, as well as the dynamical structure of the ellipticals, are similar (i.e. if elliptical galaxies are 1-component and homologous systems), the virial theorem and the existence of the FP imply a slow but systematic variation of the mass-to-light ratio M/L with the luminosity, whose physical origin is debated. This homology also determines a quasi-linearity of the relations connecting the gravitational and kinetic energies of the galaxies to the observables σ 0 and r e . However, by adding a second dark mass component, this property will be lost, in such a way that the gravitational and photometric scales are not anymore connected in a simple, log-linear way.
We adjust the mass models parameters to fit the observations in the coordinates space:
effective radius r e , central velocity dispersion σ 0 ≡ σ A (r e /8) and total luminosity in Gunn-r band, defined as L = 2π r surface σ 0 (r e , L r ) to the observations, we leave free the stellar mass-to-light ratio M sph /L r and, respectively, Γ vir in the H+NFW case and Γ e in the H+B case. In the latter, we assign a constant value to the parameter r 0 /r e = 2, similar to results for spirals (BS01), as the fit depends quite weakly on it. We characterize the stellar mass-to-light ratio as
α , with Υ r * and α free parameters. Here, we neglect a possible weak dependence of Υ r on r e , but we will discuss this point later.
Results and discussion
H+NFW mass model
This model is unable to provide a plane surface in the log-space (σ 0 , r e , L r ). In Fig.5 we show the effect on the surface by adding to the stellar spheroid a dark NFW component with the reasonable dark-to-luminous mass ratio of Γ vir = 30. The surface curvature prevents us from properly fitting the data, especially in the region occupied by galaxies with large effective radius and low luminosity, for which the DM contribution to σ 0 is unacceptably high.
The results of the fitting procedure is shown in Fig.6 , with contours representing 68%, This would be at strong variance with our ideas about the galaxy formation: indeed, feedback mechanisms, such as SN explosions and central QSO activity, transfers thermal energy into the ISM, thus inhibiting a very efficient star formation (e.g. Dekel and Silk, 1986; Romano et al., 2002) transferring the whole initial baryonic content into stars. This is also confirmed by the chemical properties of giant Es stellar populations (e.g. Bower, Lucey and Ellis, 1992; Bernardi et al., 1998; Thomas and Kauffmann, 1999 , among the others), which reveal a sole and short initial star formation phase. As result, we expect a value of Γ vir much higher than the original value of ∼ 10.
H+B mass model
In this case, the presence of dark matter, distributed in a way independent of the stellar profile, does not alter the FP surface shape, which still remains a plane. Of course, the greater DM amount in the bulge region, the lower the stellar mass-to-light ratio derived from the fit. The best-fit mass model is obtained for (see Fig.7 ): (at 68% CL). In Fig.8 (left) we show the 68%, 95% and 99% confidence contours for the parameters Υ r * and α. In the fit, the parameter Γ e results strongly correlated to Υ r * . In Fig.8 (right) we show this correlation with indicated the range of Γ e corresponding to 99% CL in Υ r * . Finally, to check the reliability of the fit against our assumption of spherical stellar distribution, we perform the model fit to galaxies with small ellipticity ǫ < 0.4; the resulting best-fit parameters are consistent to the previous ones, with a difference in the mean values of ∼ 5%.
Although the data do not allow for a deeper investigation, we point out that keeping Γ e constant in the fit is not the most general possibility and, in principle, the DM contribution within r e could vary with luminosity. However, our choice is in agreement with results from the most recent dynamical and photometric studies of mass distribution in ellipticals (Kronawitter et al., 2000; Gerhard et al., 2001) , which show that the luminosity dependence in the FP (i.e. its "tilt") is a stellar population effect. Notice that they find M DM /M tot | re ∼ 10 − 40%; in comparison we found M DM /M tot | re ∼ 20%.
The best fit H+B model has a dark-to-luminous mass ratio within r e of ∼ 0.3: then, by assuming such a DM amount, we derive from eq. (14) the relation between the "virial quan- Figure 8 . Best-fit H+B mass model: left) 68%, 95% and 99% CL for the stellar mass-to-light parameters; right) the correlation between Υr * and Γe, the dark-to-stellar mass ratio within re. Dashed lines mark the 99% C.L. in Υr * and Γe.
tity" σ 2 0 r e /G and the spheroid mass or, equivalently, the quantity M e ≃ (1 + Γ e ) 0.42 M sph , the total mass within the effective radius:
with F B = 3.6 × 10 −2 and Γ e = 0.29. Eq.(18) explicitly contains the effect of a DM halo and is to be compared with the "gravitational" mass at r e : 2 σ 2 0 r e /G, introduced by Burstein et al. (1997) , taking the standard Keplerian formula M e = r e V 2 rot /G and assuming V 2 rot = 3σ 2 0 . Eq.(17), instead, is in good agreement with results by Ciotti, Lanzoni and Renzini (1996) ; indeed they find for their HP model (a mass configuration similar to our H+B model)
with c M ≃ 3 − 6, according to the value of the total dark-to-luminous mass ratio (in the range 10 − 70).
In Fig.9 we show the distribution of the stellar mass-to-light ratio in Gunn-r band for single objects, obtained by inserting in eq.(17) the observed σ 0 , r e and L r . Continous line is the "mean" correlation provided by the FP fit : Υ r = 5.3 (L r /L * ) 0.21 . By testing the residuals of the stellar mass-to-light ratio in Gunn-r band as function of the effective radius r e , we find, within the statistical errors, no correlation: Υ r ∝ (R/r e ) 0.00±0.05 . A possible weak dependence on the effective radius, therefore, seems not sufficient to justify the scatter observed in the luminosity dependence of M sph /L.
Moreover, since part of the galaxy sample has also been observed in different photometric bands (JFK, 1992; JFK, 1995a; see Tab. 2), we investigated the M sph /L variations with seems to be not consistent with the value of ∼ 0.6 ± 0.1, obtained from velocity dispersion profiles analysis (Gerhard et al., 2001) . Moreover, assuming the dark-to-luminous mass ratio Γ e weakly decreasing with luminosity (as we would expect), this slope tends to decrease further on.
Recent improvements in the observations has made galaxy-galaxy (weak) lensing a powerful tool to probe the DM halo around galaxies at large radii, where kinematic tracers are useless. Studies of weak lensing by SDSS collaborations (McKay et al., 2002; Guzik and Seljak, 2002) find M 260 /L r ≃ 110 for a L r * elliptical galaxy, where M 260 is the mass projected within an aperture of radius 260 h −1 kpc. Albeit their results are obtained by assuming a NFW halo, SDSS g-g lensing is not sensitive to small scales (where NFW and Burkert profiles actually differ), since the first data bin is at R = 75 h −1 kpc: therefore, comparisons to our findings, when extrapolated to large radii, are useful.
We estimate at large radii the dark-to-luminous mass ratios and the total mass-to-light ratio of the H+B mass model, testing the consistency with SDSS results. In Fig.10 (left) we show the (dark+luminous) cumulative mass-to-light ratio for a L r * elliptical galaxy.
Assuming r e ≃ 5−10 kpc for L = L * , the 260 h −1 kpc aperture corresponds to ∼ (35−70)r e , for h = 0.7. We obtain the value M/L r ≃ 110 at this aperture for halo core radii in the range ∼ (2.4 − 2.8) r e . This result for the halo core extension is in agreement with the outcome of studies in spirals and late-type dwarf galaxies (BS01), which indicates a constant haloto-stellar scalelengths ratio > ∼ 1.5 − 2, and suggests some form of DM-baryons interplay as the origin of the soft density cores in halos.
In Fig 
CONCLUSIONS
With the help of a large sample of elliptical galaxies with suitable data, we used the empirical relation known as the Fundamental Plane as a tool to investigate the DM properties within these objects. We have found a number of results that re-vitalize the field of dark and luminous matter in spheroids:
• the observational "central velocity dispersion" σ 0 , as defined in the Fundamental Plane and in others relations, is a hybrid quantity which is not a priori related to a single quantity of a single mass component. In fact, σ 0 is linked in a complex way to photometric, dynamical and geometrical quantities of both luminous and dark matter. In this paper, we present the relations found for an isotropic and spherical two-components mass model, where DM density profile is alternatively the NFW profile, predicted by ΛCDM theory, and a cored density profile, suggested by spiral galaxies observations
• the very existence of the Fundamental Plane constraints the acceptable mass model for elliptical galaxies: in particular, it severely challenges the ΛCDM theory predictions. In such a theory the structural properties of dark and luminous matter are so interwoven that in the space (σ 0 , r e , L) they produce a curved surface, rather than a plane, for plausible values of the total dark-to-luminous mass ratio
• considering a cored DM density distribution, we find a dark-to-luminous mass fraction within the effective radius of ∼ 30% and a luminosity dependence of the stellar mass-to-
The inferred stellar mass-to-light ratios for the single galaxies, obtained with a good accuracy by properly correcting for the small effect of the dark matter, will become, in a future work, a benchmark for following the cosmological evolution of spheroids, once we correlate them to galaxy color and metallicity and we compare them with predictions of stellar population models.
• to overlap the luminous component of galaxies with a DM halo of low mass density, roughly constant within 2 − 3r e and increasing as r −3 at larger radii, is successful to explain the structure of dwarf, spiral and elliptical galaxies, pointing to an intriguing homogeneous scenario.
Within this framework, we argue that constraints on dark matter in Es can be significatively improved by increasing the number of galaxies with measures of l.o.s. velocity dispersion at larger radii, greater than ∼ 1 − 2r e . Although, so far, such observations have been severely hampered by the steep decreasing of the surface brigthness with radius, higher and higher sensitivity reached by recent surveys offers a good view to obtain a better resolution of the two mass components in the whole region where baryons reside.
APPENDIX A: VELOCITY DISPERSION IN DETAIL
In this appendix, we will detail the procedure to compute velocity dispersions by means of Jeans hydrodynamic equations. Let us set all radii in units of the effective radius:r ≡ r/r e , R ≡ R/r e ,r 0 ≡ r 0 /r e ,r s ≡ r s /r e andr vir ≡ r vir /r e .
Mass distributions
Stellar component -the radial profiles of mass density, mass and surface mass density write (Hernquist, 1990) :
where k ≃ 0.5509 and:
Dark matter halo -the NFW mass profile writes:
where, for any pair of variables (x, y), A(x, y) ≡ ln(1 + x/y) − x/(x + y). In particular, recalling that c ≡ r vir /r s , we have A(r vir ,r s ) = ln(1 + c) − c/(1 + c).
The Burkert halo mass profile writes:
where B(x, y) ≡ − arctan(x/y) + 2 ln(1 + x/y) + ln
By inserting eqs. (A1), (A2), (A3), (A7) and (A8) in eqs. (2), (3) and (4) (after the right variables substitutions), we will obtain the velocity dispersions profiles:
Spheroid self-interaction terms Out of the stellar spheroid self-interaction terms in velocity dispersions, σ 2 r;sph , σ 2 P ;sph and σ 2 A;sph , the first two can be analitically obtained (Hernquist, 1990 
Spheroid-halo interaction terms
We apply the same procedure for calculating the luminous-dark matter interaction terms: 
